Background and purpose -Although the results of primary total hip replacements (THRs) are generally excellent, sometimes serious complications arise. Some of these severe complications are considered to be patient injuries. We analyzed primary THRrelated patient injuries in a nationwide setting.
Although total hip replacement (THR) is considered to be a safe procedure, early complications and re-admission rates from 8% to 10% have been reported after primary THR (DeHart and Riley 1999, Khatod et al. 2006 , Fehringer et al. 2010 , Namba et al. 2012 , Wolf et al. 2012 . Most of these early complications cannot be avoided; nor do they lead to signifi cant harm to the patient, e.g. superfi cial wound infections (Walmsley et al. 2005) . However, sometimes serious and even fatal complications arise (Parvizi et al. 2001 (Parvizi et al. , 2007 and some of these can be considered to be patient injuries.
Learning from accidents is a widely used cornerstone of safety analysis, and in medicine, complications are an important source of information. Patient injuries have been shown to occur mainly during routine procedures (Regenbogen et al. 2007 ) and they represent the more severe end of the spectrum of complications (May and Stengel 1990 , Sloan and Hsieh 1995 , Studdert et al. 2000 , Bismark et al. 2006 , Dunbar and Sabry 2007 . For a complication to be considered a patient injury in the Finnish "no-fault" insurance system, it must fulfi ll 1 of the 7 compensation criteria defi ned in the Patient Injury Act, and the consequences for the claimant must be suffi ciently severe (Table 1) . Therefore, only avoidable or suffi ciently severe complications may qualify as patient injuries.
Primary THR has been the leading cause of patient insurance claims in Finland for years (Statistics of Finnish Patient Insurance Center, 2015) . In Finland, patients fi le a claim after THR up to 26 times more avidly than after hospitalization in general . Previous studies have indicated that high-volume hospitals and surgeons, continuous advances in intraoperative care, and improved surgical techniques may reduce postoperative complications, morbidity, and mortality after primary THR (Parvizi et al. 1999 , Katz et al. 2001 , Yasugana et al. 2009 , Ravi et al., 2014 . The purpose of this study was to investigate the types of injury, the mechanisms, and the factors that lead to patient injuries after primary THR in a nationwide setting.
Patients and methods
The patient insurance scheme in Finland ("no-fault") Nordic countries including Finland have adopted a "no-fault" patient insurance system (Mikkonen 2004 ) based on the concepts of "preventability" and "tolerability" rather than "neg-ligence", as in the tort insurance systems used in the UK and the USA. In Finland, patient injury claims are resolved by the Patient Insurance Center, and only rarely do they advance to the legal system and the courts. Claims are handled if less than 3 years have passed from the moment the patient became aware of the injury. In its decision making, the center uses external medical experts and all available information about the case. Copies of all patient documents are requested from the healthcare institutions involved in the treatment of the claimant. The Patient Insurance Center accepts or rejects claims based on the criteria defi ned in the Patient Injury Act (Järvelin 2012) . The main compensation criteria for typical THR-related complications are shown in Table 1 .
Study period and registry sources
Patient injury claims were collected from the Patient Insurance Center Claim Register (see below). The Care Register for Social Welfare and Healthcare (HILMO) was used as a source of patient characteristics for all THR recipients (Table 2) , and of hospital primary THR volumes (Table 3 ). The data were collected from the HILMO between 2005 and 2010. The time period was chosen to ensure that the control THR recipients ("non-claimants", Table 2A -C) were operated on during the same time period as the claimants due to the allowed 3-year delay in claim fi ling (see above). Altogether, 93% of patient injury claimants who fi led a claim in the period 2008-2010 had their primary operation between 2005 and 2010. The 3-year average hospital volumes were used in the RR analyses, as the patient injuries were also collected from the 3-year time period.
Patient Insurance Center data collection
Data on all patients who had fi led a claim relating to primary THR surgery in Finland between January 1, 2008 and December 31, 2010 were collected from the claim register of the Patient Insurance Center. Claims related to primary THR with surgical procedures NFB30-62 according to the Nordic Medico-Statistical Committee's classifi cation of surgical procedures (NCSP) were included in the study. Patients who had hip fracture as a cause of THR were excluded (Figure 1 ). The original patient documents, radiographs, and claim decisions were reviewed (by TH) and analyzed. The information and variables collected included patient characteristics (age, sex, diagnoses), the hospital, and detailed characteristics of the operations (operated side, surgical approach, surgeon's experience, and type of implant (cemented vs. cementless)).
Categorization of hospital volume
Hospitals performing primary THRs in Finland were categorized into 4 groups according to the average annual volume of each hospital between 2005 and 2010. Overall, 67 hospitals were grouped based on volume as follows: < 100 (group 1), 100-199 (group 2), 200-399 (group 3), and ≥ 400 (group 4). Group 4 hospitals (later referred to as "high-volume centers") were used as the reference group in the relative risk (RR) analyses in Table 3 , to investigate the effect of hospital volume on types of patient injury. Other hospital groups were also compared with each other (Table 3) . No uniform categorization of hospital volume exists in the literature. The high-volume group 4 hospitals were all university teaching hospitals.
Analysis of associated factors
We investigated how different factors (age, sex, primary diagnosis, operation type, and annual primary THR volume of the operating hospital) were associated with claim fi ling and claim decisions. We also determined whether patients operated on in various volume hospitals differed regarding these factors.
Classifi cation of compensated treatment injuries
The Patient Injury Act categorizes all compensated claims into 7 classes. We divided the treatment injuries into 6 subclasses, which were further analyzed and divided according to the type of error or the injury mechanism. The classifi cation of compensated patient injuries is shown in Figure 2 .
Statistics
Unless otherwise stated, analyses were conducted using the chi-square test. Logistic multivariate regression models were used when patient-specifi c variables were available, and they were tested using STATA 12 software. Statistical signifi cance was set at an alpha level 0.05. Relative risk and 95% confidence intervals (CIs) were calculated according to Gardner and Altman (1994) . Group 4 hospitals were used as the reference group in RR calculations. The number of treatments needed to cause a compensatable technical error for lower-volume hosCommon problems raised by claimants were pain and/or dissatisfaction with the function of the artifi cial hip joint. One or both were addressed in the majority of the claims associated with treatment injuries. Some other specifi c clinical problems reported by claimants in their claims included infections (n = 121), nerve damage (n = 111), leg length discrepancy (n = 85), fracture treatment (n = 55), dislocation (n = 41), and delay in treatment (n = 17). The compensation rates for these were as follows: infections 44%, nerve damage 36%, leg length discrepancy 28%, fracture treatment 20%, dislocations 71%, and delays in treatment 35%.
Patient-related and operation-related variables associated with patient injuries THR recipients were more inclined to fi le a claim if they were under 65 years of age, if they were operated with fully cementless implants, or if they were operated in hospitals that performed less than 400 primary THRs annually (Table  2A-C) . Infection claimants were also more often males and more often operated in group 1-3 hospitals (Table 2B) . Compitals (groups 1-3) was calculated based on absolute risk reduction (Cook and Sackett 1995, Bender 2001) .
Ethics
Permission to carry out the study was obtained from the Finnish Ministry of Social Affairs and Health (STM/4724/2011). The study was conducted according to the Declaration of Helsinki. Data handling was performed according to Finnish data protection legislation.
Results
During the study period, 563 THR-related claims were resolved by the Patient Insurance Center (Figure 1 ). The incidences of all fi led claims and of fi led infection claims during the study period were 2.6% and 0.6%, respectively. Of all the claims fi led, 44% were compensated ( Figure 2 ). Of all the compensated claims, 79% were treatment injuries and 21% were infection injuries ( Figure 2 ). The incidences of compensated claims and of compensated infections were 1.2% and 0.2%, respectively. The overall risk for patient injuries was lower for patients who were operated on in highvolume hospitals (Group 4) ( Table 3) . Figure 1 . Flow chart of data collection. NFB: any primary hip arthroplasty operation; NFC: any hip revision operation; NFJ: any hip fracture operation; NGB: any primary knee arthroplasty; NGC: any revision knee arthroplasty. a 2 claims of 10 were from high-volume hospitals (group 4). 9 claims were treatment injury claims, and 1 was an infection claim (group 3). pared to group 4 hospitals, for THR recipients who were operated in group 1-3 hospitals, the RRs for fi ling a claim for any reason-due to infection or due to treatment injury-were 1.8 (CI: 1.5-2.2), 1.6 (CI: 1.1-2.4), and 1.8 (CI: 1.5-2.3), respectively (Table 3) . None of the variables were associated with Patient Insurance Center claim decisions (Table 2D) . Since a higher proportion of denied claims in group 4 hospitals was noted (p = 0.05), a multivariate logistic regression model analysis was also conducted. Analysis showed only a trend (odds ratio (OR) = 1.5, CI: 0.97-2.3; p = 0.07). Patients operated in high-volume centers (group 4) were otherwise similar to THR recipients operated in lower-volume hospitals (groups 1-3) for all patient-related and operation-related characteristics, but statistically signifi cantly more patients with secondary causes of osteoarthritis were operated on in high-volume centers (group 4) than in group 1-3 hospitals (Table 2E) .
Patient-reported reasons for fi ling a claim

Types of injury
Compensated THR-related patient injuries were divided into 2 categories: treatment injuries and infection injuries ( Figure  2 and Table 3 ).
Treatment injuries and technical errors
On average, every 109th and 140th THR resulted in compensated treatment injury and compensated intraoperative technical error, respectively. Intraoperative technical errors were the single most frequently compensated type of treatment injury detected. Malposition of the cup was the most common type of intraoperative technical error (31%) based on the Insurance Center expert evaluations. Almost half (47%) of patients with cup malposition had dislocation after their primary operation and 85% of compensated claimants with dislocation had a malpositioned cup. Malposition of the stem was the most common compensated error on the femoral side. It accounted for 61% of stem-side technical errors, 58% of which resulted in leg length discrepancy. Inability to protect the surrounding nerves and blood vessels was a reason for compensation in 43 technical error claims (22%). 3 of these were vascular injuries, all of which were operated on using the anterolateral (Harding) approach. Of all nerve injuries, a direct injury was detected in one-third of cases. Of all claimants compensated for nerve injuries, two-thirds had been operated on via the posterolateral approach. e and f show the statistically signifi cant values compared to group 3 hospitals (RR of group 3 = 1.00). e RR = 1.5 (95% CI: 1.0-2.1). f RR = 2.2 (95% CI: 1.2-4.1).
Infection injuries
All compensated infection injuries (n = 53) were deep surgical site infections. The RR of fi ling a claim because of infection was higher in males (RR = 1.6, CI: 1.0-2.4) ( Table 2 ) and in patients who were operated on in group 1-3 hospitals (Table  3 ). Compared to high-volume centers, the risk of infection injuries that were compensated was statistically signifi cantly higher in group 2 hospitals only (Table 3) .
Factors associated with patient injuries
Hospital volume. An annual hospital volume above 400 primary THRs was associated with fewer fi led claims, fewer compensated claims, and fewer compensated technical errors ( Figure 3 and Table 3 ).
High-volume centers (group 4) performed 34% of all THRs in Finland. Even so, these hospitals accounted for only 21% of the fi led claims and for 18% of the compensated patient injuries ( Figure 3A ). For patients who were operated on in group 1-3 hospitals, the RR of compensations for any reason were increased over 2-fold (RR = 2.3, CI: 1.6-3.1), and for technical errors almost 3-fold (RR = 2.6, CI: 1.7-3.8) ( Table 3) . The number needed to treat to cause an unnecessary compensatable intraoperative technical error for lower-volume hospitals (groups 1-3) was 150 (CI: 112-228), meaning that every 150th THR performed in lower-volume hospitals resulted in a patient injury that could have been avoided by operating the patient in a high-volume joint center (group 4).
The quality of technical errors was also different depending on the hospital volume (Table 3) . Postoperative leg length discrepancy and intraoperative nerve damage were the only avoidable error types detected at a similar rate in all hospitals. In group 4 hospitals, however, these 2 error types accounted for 60% of all compensated technical errors, whereas in group 1-3 hospitals the corresponding percentage was 23%. Instead, the risk of technical errors classifi ed as "other errors" was 13 (CI: 2-96) times higher for patients who were operated on in group 1-3 hospitals rather than group 4 hospitals (Table 3) .
Surgeons
Compensated intraoperative technical errors (n = 189) were distributed among 112 surgeons. 2 surgeons with the most patient injuries had operated on 8% of all patients who were compensated due to technical errors. Only 9 surgeons had more than 1 compensated technical error per year. These 9 surgeons had operated on 24% of all claimants who were compensated due to technical errors, and they produced 53% more compensated technical errors than all group 4 hospitals together. Some of these 9 surgeons operated in several different hospitals. The individual THR volumes of Finnish orthopedic surgeons are not available in any register. Thus, to minimize the possibility that a small number of surgeons might explain the association detected between hospital volume and patient injuries, we excluded all 9 surgeons with more than one technical error per year from the hospital volume effect calculations. After this exclusion, the risk of compensation in group 1-3 hospitals for any reason was still over 2-fold (RR = 2.2, CI: 1.5-3.3), and for technical errors almost 3-fold (RR = 2.9, CI: 1.7-4.9), compared to that for high-volume joint centers (Table 3 ). 
Discussion
Complications are important outcome measures of the quality of medical care. Patient injuries are usually avoidable complications due to technical errors or unexpected infections, and better represent the more severe end of the spectrum of complications. To our knowledge, the present study is the fi rst to provide a comprehensive nationwide analysis of THR-related patient injuries, using the original patient records. Almost 80% of the patient injuries in Finland were caused by avoidable errors (treatment injuries). The average incidence of compensated treatment injuries was 1 injury per 109 THRs. The vast majority of these were intraoperative technical errors, of which cup malposition was the most common type of error. According to a registry analysis of almost 180,000 revisions, dislocations and technical errors are mainly related to incorrect orientation of the implant and the second leading cause of revisions in Sweden (after aseptic loosening) (Malchau et al. 2002) . Another study monitoring the quality of THR found that approximately 25% of all THRs failed due to factors related to technical errors (Biau et al. 2011) . The types of injury and their frequencies found in the present study were also very similar to those reported earlier for closed malpractice claims of THR recipients in the USA (Matsen et al. 2013) . Acetabular-side errors have previously been shown to account for half of all technical errors in THRs (Biau et al. 2009 (Biau et al. , 2011 , and up to 60% of acetabular components have been shown to be in a suboptimal position, depending on the target ranges used (Barrack et al. 2013 , Lee et al. 2014 . Our results are in line with the literature. What our study adds to this knowledge is that technical errors are a clinically important source of severe complications (patient injuries) and that they are associated with the THR volume of the hospital.
The overall risk of patient injury after THR was lower in hospitals with an annual volume above 400 THRs despite the fact that patients operated in these hospitals more often had secondary causes of osteoarthritis and therefore a higher degree of surgical complexity. There was also a difference in the quality of the errors detected between high-volume hospitals and lower-volume hospitals. It has been reported previously that high-volume surgeons and hospitals have less complications in primary THR surgery (Lavernia and Guzman 1995 , Kreder et al. 1997 , Norton et al. 1998 , Battaglia et al. 2006 , Ravi et al. 2014 . One explanation for this might be the better routines of highly specialized surgeons and staff in high-volume centers. There were also hospitals of groups 1-3 with a low incidence of patient injuries. The relatively short study period and also chance may partly explain this. It might also be that the quality of performance in some of these hospitals is at same level as in the high-volume centers. A small group of orthopedic surgeons (n = 9) performed 24% of all the THRs with reported compensated technical errors in Finland, and produced over 50% more technical errors than the 4 largest joint centers put together. Although we were not able to analyze the individual surgeon volumes, this group of surgeons with the most technical errors does not explain the association between lower hospital volume and higher incidence of patient injuries. When these 9 surgeons were analyzed more closely, it was noted that some operated in different hospitals and that some were the heads of their orthopedic departments. Both of these fi ndings highlight essential fl aws in the current supervisory process. When self-evaluation is practiced or when heads of orthopedic departments who are responsible for supervision are only aware of what happens in their own hospital, it is virtually impossible to control and eliminate these risk factors. Better coordination and corrective measures in the hospitals by the hospital administration-or establishment of a nationwide supervision body focusing on benchmarked performance standards-would therefore be benefi cial. A public register and open reporting of hospitaland surgeon-level performance in a way that the National Institute for Health and Care Excellence (NICE) in the UK operates would be a valuable tool for this kind of supervisory body, enhancing safety and improving patient care in endoprosthetic surgery.
When conclusions are being drawn from studies investigating patient injuries, one has to take into account that the spectrum of complications detected is somewhat skewed, since a large proportion of adverse events are neither compensatable nor avoidable, e.g. superfi cial infections (Walmsley et al. 2005) . Furthermore, only some of all the complications qualify as patient injuries-and these represent the more severe end of the spectrum of complications. Our study therefore highlights what kinds of avoidable severe complications occur after THR. Also, reporting bias has to be accounted for. It has been suggested that only 3% of all patients who are eligible for compensation (severe complications) ever fi le claims (Studdert et al. 2000 , Bismark et al. 2006 , Järvelin 2012 . The average rate of patient injury claims after hospitalization varies between 0.1% and 0.3% (Pukk et al. 2003 , Järvelin 2012 . In the present study, 2.6% of all THR recipients fi led a patient injury claim and 1.2% were compensated. The incidences were similar to those noted earlier in Finland, between 1998 and 2003 ). This shows that THR recipients fi le patient injury claims up to 26 times more often than patients in general after hospitalization. At the same time, the claim rejection rate among THR recipients is similar to the average claim rejection rate in the Patient Insurance Center. It is therefore clear that the THR-related patient injuries that are compensated (1.2%) represent more than 3% of severe complications, because severe complications that are eligible for compensation are not experienced by 40% of THR recipients. This better coverage is most likely due to the substantially higher claim rate detected among THR recipients. Although many complications are not reported, the mechanisms behind the adverse events reported are most likely similar to those behind complications in general (Järvelin 2012) . Studies investigating patient injuries are therefore an important source of information about the factors and mechanisms behind the severe complications in THR.
Strengths and limitations
The strengths of our study included the large patient cohort and the prospectively collected registry data. We used 2 comprehensive nationwide registers in the data collection and in the analyses. Patient injury claims were collected from the registry data of the Patient Insurance Center, which manages all patient injury claims in Finland. Each patient injury claim and decision (including patient records and radiographs) was individually assessed by a specialist in the fi eld of endoprosthetic surgery (TH). In Finland, operative treatments in hospitals are heavily subsidized, with few socioeconomic barriers, resulting in national registry data that is highly generalizable. The no-fault insurance system also limits socioeconomic barriers, as claim fi ling and handling are always free of charge to claimants. We combined several different data sources, which has been suggested to further strengthen the generalizability of patient injury studies (Järvelin 2012) . Although Finland and other Nordic countries use the no-fault insurance system, many other countries rely on tort systems. This might affect the generalizability of these results beyond Nordic countries. However, a recent study from the USA (Matsen et al. 2013) found similar technical error types and rates in THR to those in our study. High-volume hospitals (group 4) had less patient injuries. Several different variables such as patient awareness, age, sex, and socioeconomic status may affect the likelihood that a patient will fi le a claim after an adverse event (Studdert et al. 2000 , Bismark et al. 2006 , Dunbar and Sabry 2007 . None of the variables investigated explained the better performance of high-volume centers. It has also been suggested that hospital culture (active information on patient insurance) and patient awareness have an infl uence on the likelihood that a patient will fi le a claim. This is undoubtedly true; however, the differences between individual hospitals will most likely be evened out in a nationwide study. There was a trend that claims by THR recipients from lower-volume hospitals (groups 1-3) were more often accepted. This might be explained by the difference in the quality of errors between high-volume joint centers and other hospitals. Finally, we lack information on the surgery volumes of individual surgeons, which has been associated with complication rates after THR. Unfortunately, these data were not available in any registries. Thus, we could not determine how surgeon volume relates to patient injuries in THR. In contrast, in Finland hospital volumes give an indication of the volumes for surgeons operating in those hospitals because, as a rule, surgeons rarely operate in more than one hospital.
Conclusion
This is the fi rst nationwide study to investigate THR-related patient injuries in detail. We have presented the types and frequencies of several complications, adverse events, and typical avoidable technical errors leading to patient injuries. We have also shown that a high annual hospital volume (above 400 THRs) is associated with a lower incidence of fi led claims, patient injuries, and avoidable technical errors. In Finland, all high-volume hospitals are university hospitals. Individual surgeons play a key role in reducing avoidable patient injuries in THR. These fi ndings provide important new information for considering preventive measures against the complications and patient injuries in primary THR surgery. In some countries, the THR performance of hospitals is reported and published so that anyone can follow the performance of one hospital and compare it with that of other hospitals. These kinds of well-maintained registry could also give information about the individual surgeon's performance, at least to surgeons themselves, and might improve patient care. Awareness of the usual errors related to THR and the causes of patient injuries should lead to improved patient safety through improved systems of care.
